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tables a more exact calculation is necessary. I have made 
considerable progress in tbe calculation of accurate tables, and 
hope soon to have them completed. 

Cape of Good Hope ; 

1890 May 5. 


On the Computation of the Equation of the Centre in Elliptical 
Orbits of Moderate Eccentricities. By A. Marth. 

Though the indirect solution of Kepler’s problem is a suffici¬ 
ently easy proceeding when only a limited number of positions 
have to be computed, it takes rather too much time and becomes 
tiresome when it has to be repeated periodically hundreds of 
times. To provide for such cases some method is required for 
deducing the true anomalies directly from the mean anomalies 
with the desired degree of accuracy. 

To find the true anomalies with the accuracy sufficient for 
approximate ephemerides of the minor planets, two sets of general 
tables have been computed: Mr. Godward’s “Auxiliary Tables for 
Computing an Approximate Ephemeris of a Minor Planet ” . . . 
printed 1866, and used in the Nautical Almanac office, and 
MM. Callandreau and Fabry’s “ Tables numeriques destinees a 
faciliter le calcul des ephemerides ”... published, 1885, in the 
second volume of the Bulletin Astronomique. 

To get the true anomalies with an accuracy required for 
closer computations, the late E. Schubert gives in his later 
tables and papers on the elements of the minor planets a special 
‘ 1 Table for the correction to be added to the auxiliary anomaly 

this v r being found by the equation 

cot \ v f — -— cot \ mean anomaly. 

The present paper is intended to furnish the means for 
facilitating the calculation of certain tables, which will allow the 
differences between the true and mean anomalies to be easily de¬ 
duced, whenever the intended work may make the construction 
of such tables desirable. 

If e denotes the eccentricity, p and v the mean and true 
anomaly, to the angular value of the radius, the equation of the 
centre is given by the known series (all terms to e 10 inclusive being 
retained) as follows :— 
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If a table containing the values of 

h 3 . f sin 3/u + . e 4 sin 4^+ ... 


! > 


S °3 


were prepared, the equation of the centre would be found by 
computing h x . e sin /x (1 + k . e cos f) for each individual mean 
anomaly, and adding the corresponding tabular value represent¬ 
ing the remainder of the series. However, as this remainder would 
be obviously smaller in a series in which the first term, instead of 
being multiplied by a factor 1 + k e cos p, had a divisor of the 
form I ce cos fx, it will clearly be of advantage to convert the 
series for the equation of the centre into another, beginning with 
a term of the form 0 

Ce sin fx 
I —ce cos f 


in which the values of C and c are so determined that the first 
two terms of the old series are incorporated in the new expres¬ 
sion. These values are accordingly to be found. ^ 

= + ce cos f» + c*e- cos-m + c-V cos V+«V cos >.+ ., ,) 
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But 

4 sin p cos 2 ft = sin ft + sin 3ft. 

16 sin ft cos V = 2 sin ft + 3 sin 3u + sin 5ft. 

64 sin ft cos 6 ft = 5 sin ft + 9 sin 3ft + 5 sin 5/*+ sin 7ft. 

256 sin ft cos 8 ft= 14 sin ft + 28 sin 3ft + 20 sin 5ft + 7 sin 7ft + sin 9ft. 

8 sin ft cos 3 ft = 2 sin 2ft + sin 4ft. 

32 sin ft cos 5 /t = 5 sin 2ft + 4 sin 4ft 4- sin 6ft. 

128 sin ft cos 7 ft= 14 sin 2ft + 14 sin 4ft + 6 sin 6ft + sin 8ft. 

512 sin ft cos 9 ft = 4 2 sin 2.U + 48 sin 4U + 27 sin 6ft + 8 sin 8ft + sin iOft. 


Hence, putting for greater simplicity ce=2r}, 

-—=(l +r ) 2 + 2 T ) 4 + 5n 6 + 1477 s + . . .) . sin ft. 

i —ce cos ft 

+ (1 + 2tj 2 + 5?j 4 + 1497 s + 42?? 8 -f . . .) . 77 sin 2ft. 

+ (1 + 317 2 + 9’/ 4 + 28rj 6 + . . .) . v 2 sin 3ft. 

+ (1 + 4 -V 2 + 14V + 4877® + . . .) . V s sin 4ft. 

+ (I + 5n 2 + 20rj 4 + . . .) . n 4 sin 5ft. 

+ (1 + 6?? 2 + 27V 1 + . . .) . v 5 sin 6ft. 

+ (1 + 7 i? 2 + . . .) • V 6 sin 7 ft. 

+ (1 + 8 v 2 + . . .) . v 7 sin 8ft 4-17 8 sin 9ft 4- tj 9 sin 10ft 4- . . . 


and therefore 

writing 0 for rj (1 + rj 2 4- 2?? 4 + 5 n 6 + i 4 n 8 + . • •)» 

= 2 SL (0 sin ft 4- 0 2 sin 2ft + 0 3 sin 3ft 4- 0 4 sin 4ft + . . .). 
1 — ce cos ft c 

The value of c must accordingly be so chosen that 

. e = ~ e ( 1 — -?SLe 2 + J - e * + +— 2 ^ 6 iL_ e s 
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and C so that 
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The determination of the two values which satisfy these eos- 
f ditions gives— 
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Hence follows— 

Ce sin fx 
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the substitution of which in the old series for the equation of 
the centre furnishes the new series 

41 Cd 8 i n A 4 C q • . . 

fi ~ TZ ^ i ^] i + ^ sm 3 A 4 + d 4 d 4 sm 4/u 4 - . . . Clo6 io sin 

in which the coefficients c 3 , c 4 , c 5 . . . have the following values 
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A comparison of these values with the values of the corre¬ 
sponding coefficients of the old series shows the advantae-e of the 
new series in the diminution of the coefficients. 

Q Q 
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The logaritlims of the coefficients are, if m is the modulus, 

log C = log 2<» — — m , + m . «*- . «• + -« . A 

& ° 64 8192 2359296 IOO663296O 
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log <? 6 = log »_ £601092^ ^ ^ _19-08903] m . e 4 . 

& \245700 / 1863491 


or numerically, if co is expressed in degrees, 

log C = 2*059152628 -[9*3501183]^ + [9-0900695] e *- [8-69321] e 6 

+ [8-52i57]e s . 

log c = 0-096910013 - [9*4387018] e 2 + [9-0365539] e 4 -[873997]e 6 

+ [8*47828] e 8 . 

log c 3 = 1*2382494- [9-45 12733 ] e 2 - [8*31592] e 4 -[6 73309]e 6 . 

log c 4 = 1*5250078 — [9*5906814] e 2 — [8 48680] e 4 - [7*36183] e6 - 

log c 5 = 1*6811243-[9-6968735] e 2 - [8*6i887]e 4 . 

log c 6 = 1*7928407-[9*7826i27]e 2 -[872682]e 4 . 

log c 7 = 1-88728 - [9*8545] e 2 . 

log c 8 = 1 * 97573 -[ 9 ’ 9 i 63 ]e 2 . 

log c 9 =2-06333. 

log c 10 = 2 -i 5243 . 


Instead of the coefficients of e 2 . . . their logarithms are given 
enclosed in [ ] brackets, 10 being added to the characteristics. 

If the values of C, c 3 , c 4 . . . are required to be expressed in 
seconds, log 3600 must be added to the first terms, which become 
thus— 

log 0 = 5*615455129- ... log c 5 = 5.2374268- . . . 

log c 3 = 4 * 79455*9 - • • • lo g ^=5-3491432- . .. 

log a 4 = 5*0813103 ~ • lo g c 7 = 5 * 4435 8 - 

I have given all terms to e 10 inclusive, so that, if needed, 
they may be taken into account. The following table contains, 
for various values of log e, the values of the coefficients c 7 e 7 , 
e 8 e 8 , c 9 e 9 , e 10 e l ° expressed in degrees and also in seconds. 
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____ 

desired accuracy allows the neglect of c 7 e 7 sin 7/x, 


{c 3 e 3 sin 3//. + c 4 e 4 sin 4 p + c 5 e 5 sin 5^ + c 6 e 6 sin 6 [ x } 

for any value of log e and for eacli degree of /x is easily accom¬ 
plished, if the required log sines of the multiples of /x are specially 
written out beforehand, so that the 30 + 22 + 18 -f 15 numerical 
values, which enter into combination, may be quickly computed. 

If that is done for conveniently altered values of log e, the 
variation of the eccentricity may be easily taken into account. 
To save all trouble in computing the coefficients, their logarithms 
for suitable values of log e are supplied by the following ta bles. 
In the computation of 

Ge sin /x 
i — ce cos fi 


the values of log C and log c must be properly interpolated to 
correspond to the varied values of log e. Want of space did not 
permit the differences of successive values to be given on the last 
pages. 

Q Q 7 
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•19 

•053 8510 

•090 3846 

8-80146 

827564 

76192 

6-9183 

9-20 

2-053 6046 

0-090 0801 

8-83114 

831520 

7 6086 

6 - 977.6 
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510 Mr. Marth, Equation of the Centre etc. l. 8, 


log e 

log C 

log c 

log c 3 e 3 

log 

log c 5 e s 

log c G e 6 

9-200 

2’053 6046 

0-090 0801 

8-83114 

8-31520 

7-6686 

6-9776 

•205 

•053 477 i 

•089 9226 

8-84597 

8-33497 

7-6933 

7-0072 

*210 

•053 3468 

•089 7615 

8-86080 

8'35474 

7-7180 

70369 

•215 

•053 2136 

•089 5968 

8-87563 

8-37450 

7-7427 

7-0665 

*220 

’053 0773 

•089 4.283 

8*89045 

8-39425 

7-7674 

7-0961 

•225 

•052 9380 

•089 2559 

8-90527 

8-4I400 

7-7921 

7-1257 

•230 

*052 7955 

•089 0796 

8-92008 

8-43374 

7-8167 

7-1553 

•235 

*052 6498 

•088 8993 

8-93489 

845348 

7-8414 

7-1849 

‘240 

•052 5008 

•088 7149 

8-94969 

8-47321 

7-8661 

7*2145 

•245 

•052 34*5 

•088 5263 

896449 

8-49294 

78907 

7-2441 

9 - 25 ° 

2-052 1928 

0-088 3334 

8-97929 

85I266 

7 - 9*53 

7-2736 

•255 

•052 0335 

•088 1362 

8-994081 

853237 

7-9400 

7-3032 

•260 

•051 8707 

•087 9344 

9-008867 

855207 

7-9646 

7*3327 

■265 

•051 7042 

•087 7281 

9-023648 

8 - 57 I 77 

79892 

7-3622 

•270 

•051 5340 

•087 5171 

9-038423 

8-59146 

8 01382 

73918 

•275 

•051 3599 

•087 3013 

9-053194 

8 61114 

8-03842 

7-4213 

•280 

•0.51 1820 

•087 0807 

9-067959 

8-63082 

8-06300 

7-4508 

•285 

•051 0001 

•086 8550 

9082719 

865049 

8-08758 

7-4802 

'.29O 

•050 8141 

•086 6243 

9-097473 

8-67015 

8-11215 

7-5097 

*295 

*050 6240 

•086 3883 

9-112221 

8-68980 

8-13670 

7*5392 

9 ‘ 3 °° 

2*050 4297 

0-086 1470 

9-126963 

8-70945 

8-16125 

7-5686 

*305 

-050 2310 

•085 9002 

9-141700 

8-72908 

8-18578 

7-5981 

•31° 

•050 0279 

•085 6479 

9-156430 

8-74871 

8-21031 

7-6275 

• 3 i 5 

•049 8203 

•085 3899 

9-171154 

876833 

8-23482 

7-6569 

•320 

•049 6081 

•085 1261 

9-185871 

878794 

8-25932 

7-6863 

•325 

•049 3911 

•084 8563 

9-200582 

8-80754 

8-28381 

77157 

‘330 

•049 1694 

•084 5805 

9-215286 

882713 

8-30829 

7-7450 

‘335 

•048 9428 

•084 2985 

9-229983 

8*84671 

8-33276 

7-7744 

•340 

•048 7112 

•084 0101 

9*244673 

8*86629 

8-35721 

7-8037 

*345 

•048 4744 

•083 7153 

9*259355 

888585 

8-38165 

7-8330 

A ^ r\ 

2 048 2325 

0 083 4139 

9-274030 

8-90540 

8*40608 

7-8623 

•355 

•047 9852 

•083 1057 

9-288698 

8-92494 

8-43050 

7 8916 

•360 

*047 7325 

•082 7906 

9*303358 

8-94447 

8-45490 

7-9209 

*365 

•047 4742 

•082 4685 

9-318010 

8-96399 

8*47928 

7 95 01 

•370 

•047 2103 

•082 1392 

9*332653 

8-98360 

8-50365 

7*9794 

•375 

•046 9406 

•081 8026 

9-347288 

9-002998 

8-52801 

8-00858 

•380 

•046 6650 

•081 4584 

9-361915 

9-022483 

8*55235 

8-03778 

•385 

•046 3834 

•081 1066 

9*376633 

9-041956 

8-57668 

8*06696 

•390 

•046 0957 

•080 7470 

9*391142 

9-060417 

8*60099 

8-09612 

•395 

•045 8017 

•080 3794 

9-405742 

9-080865 

862528 

8-12526 

9-400 

2045 5014 

o-oSo 0036 

9420332 

9-100299 

8-64956 

8-15438 
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Mr. Marth, Kepler's Problem. 


June 1890. 


5 “ 


A simple Solution of Kepler's Problem . By A. Marth. 


What is Kepler’s problem P Is it the problem to find the 
eccentric from the mean anomaly by means of Kepler’s equation ? 
Or is it the problem to find somehow the eccentric anomaly 
which will satisfy that equation ? 

The simple method, which I now offer, for computing 
the eccentric anomaly c from the mean anomaly //,, consists in 
substituting for Kepler’s equation c — /x,=e sin e an equivalent 
equation, the solution of which is free from the difficulties 
with which that of Kepler’s equation is beset, and which is 
derived from the latter by an extremely simple process. 

The multiplication of 


gives 


Hence 


€ — fx = e sin e by 


sin (e — ft) 

e-ti 


sin e cos fx — cos esm l u = gsine, 


sin (e — ju) t 


e-fx 


or 


tan e =- 

COS fJL — 


sin fi 

e sin (e — fi) 
e-fx 


if 


I _ sin (e sin e) 
v e sin e 


. sin ii 

tan e =-— 


cos fX — — 
v 


e 2 sin^e + e 4 sin 4 e _ e G sin 6 e + e B sin 8 e 
6 120 5040 362880 


e 10 sin 10 e + 
39916800 


The equation p, = e — e sin e retains its value for computing 
fx from c, and may thus serve as a control upon the determination 
of tan e. Except for the purpose of such control, the angle e 
itself is not required. 

The system of formuhe for deducing the true anomaly v and 
the radius vector p from the mean anomaly /x, becomes 


e 

COS fX~- 
V 

_f 

p sin v — sin e , V i — e z 
p cos v = cos e —e. J 

The values of log v corresponding to log (e sin e) will be given 
in a table in the next number of the Monthly Notices. 
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